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Acronyms and Abbreviations
Introduction
The Pacific Northwest National Laboratory ( 
Battelle Land-Sequim and MSL Description
Battelle Land-Sequim (Figure 1 .2) encompasses 150 acres of uplands and tidelands, of which about 7.5 acres has been developed for research operations. The research operations occur at several laboratories and other facilities in an area referred to as MSL, which includes analytical and general purpose laboratories and wet or support laboratories supplied with heated and cooled freshwater and seawater. MSL has two emission units with the potential to emit low levels of radioactive material. In addition, MSL has a state-of-the-art waste seawater treatment system, a dock facility for a 28-foot research vessel, and a specialized scientific diving boat.
Battelle Land-Sequim lies on the shores of the Strait of Juan de Fuca and is in the rain shadow of the Olympic Mountains in Clallam County, at approximate coordinates 48°04'40" N, 123°02'55" W. Despite its coastal location, it receives less than 15 inches of rainfall on average annually. Average monthly temperatures range from 31°F to 70°F. Nearby cities are Sequim (population 6,600), Port Angeles (population 19,000), and Port Townsend (population 9,100) (DOC 2011). Seattle is approximately 50 miles from MSL. The nearest sea border with Canada is about 17 miles from MSL in the Salish Sea; the nearest Canadian land border is about 25 miles northwest from MSL.
Emission points are located in two buildings: MSL-1 and MSL-5. MSL-1 (Figure 1.3) contains laboratories for biological, chemical, and physical studies in which marine or aquatic environmental conditions need to be maintained. This facility also houses a "cleanroom" for ultra-low-level trace measurements in environmental media, an electronics shop, and diving equipment storage. MSL-5 (Figure 1 .4) contains all-purpose chemistry and biochemistry laboratories. One laboratory in MSL-5 is set up for work with radionuclides; however, any laboratory could be set up for such work. A location for storage of hazardous, radioactive, and mixed waste is provided in MSL-5 Building. 
Radionuclide Air Emissions
This section describes the two registered MSL emission units and presents emissions estimates for operations during CY 2016.
Major, Minor, and Fugitive Emissions Points
Two nonpoint source minor emission units associated with MSL-1 and MSL-5 are registered with the state of Washington under the Radioactive Air Emissions License (RAEL)-014. Radioactive air emissions continue to be well below the criteria for classification as a minor emission unit (i.e., potential-to-emit [PTE] contribution is < 0.1 millirem per year [mrem/yr] effective dose equivalent [EDE] to the maximally exposed individual [MEI] ). Information regarding the radionuclides of concern, emission rates, and emission unit physical characteristics are described below.
The emission units include EP-MSL-1 and EP-MSL-5 (Figure 1.2) . EP-MSL-1 is located on the tidelands, and EP-MSL-5 is located on the upland. The emission unit characteristics are the same for both MSL-1 and MSL-5. These buildings have several locations where radioactive air emissions may originate and exit the building. While they are not fugitive by definition, emissions are fugitive in nature; however, because emissions can come from several points within each building, the emission unit is characterized as a nonpoint source (WAC 2016) .
Radiological operations at MSL emit very low levels of radioactive materials. Appendix A contains the full list of radionuclides that may be handled at MSL. The 2016 radioactive material emissions to the air are given in Table 2 .1. The 40 CFR 61, Appendix D method of determining unabated emissions was used. No credit was taken for abatement controls (e.g., HEPA filtration) at MSL-1 or MSL-5. 
Dose Assessment
This section describes the potential impact of MSL radiological air emissions. Radiological operations at MSL have not changed from the prior year. A review of radiological assessment needs was published in the Data Quality Objects report (Barnett et al. 2012 ).
Dose Model and Potential Receptors
The COMPLY Code version 1.6 (Level 4) was used for estimating dose for comparison to the U.S. Environmental Protection Agency (EPA) standard of 10 mrem/yr EDE to any member of the public (40 CFR 61, Subpart H, . This code is approved for use for compliance determination (40 CFR 61, Appendix E). Input parameters, originally reported by Barnett et al. (2012) , were not changed (Table 3 .1).
Potential receptor locations for 16 compass directions are provided in Table 3 .2, as reported by Barnett et al. (2012) , which concluded that continuation of the 190-m source-to-receptor distance used in prior evaluations would result in an overestimate of any expected receptor impacts, but would continue to be used. The nearest location where a member of the public would actually reside or abide (e.g., dwelling, business, school, office) relative to the MSL-1 or MSL-5 emissions locations was determined to be 270 m W or WNW. Given that winds blow predominantly toward the east (see Table 4 .3 of Barnett et al. 2012) , away from either of these 270-m receptors, an additional level of conservatism is included. 
Compliance Assessment
The dose standard in 40 CFR 61, Subpart H, applies to radionuclide air emissions, other than radon, from DOE facilities. Dose is estimated as the product of the emission rate (Ci/yr) and unit dose factor (mrem/yr at MEI location per Ci/yr released). Unit dose factors for a number of nuclides are indicated in Appendix B. The Am-241 unit dose factor was applied to all alpha emitters and the Cs-137 unit dose factor was applied to all beta/gamma emitters, as a conservative measure, except for I-129, which used the nuclide-specific dose factor. For CY 2016, the dose assigned to the MSL MEI overestimates any actual offsite dose. The dose was calculated for a location 190 m (0.12 miles) from the emission point which is the location of a hypothetical boundary receptor. This location is also the point of maximum annual air concentration in an unrestricted area where any member of the public may be (WAC 2007) . Sea locations were not considered because the dose factors assume vegetable, milk, and meat production at the receptor location.
The EDE to the 2016 MSL MEI from routine and non-routine point source emissions was 5.7E-04 mrem (5.7E-06 mSv). Table 3 .3 shows the relative contributions of each nuclide and facility to the MEI dose. The 2015 MEI estimate was 1.1E-4 mrem/yr (1.1E-06 mSv/yr) EDE (Snyder and Barnett 2016) . 
Collective Dose Estimate
An estimated 2.35 million people live within 50 miles (80 km) of MSL, with about 362,000 of those residing in Canada (Zuljevic et al. 2016) . The populations and the major U.S. cities at various distances from MSL are given in Table 4 .1. Victoria, British Columbia, is the only major Canadian city within 50 miles of MSL and is more than 20 miles from MSL. Zuljevic et al. 2016 The 2016 collective dose was estimated assuming that the total curies released (Table 3. 3) were dispersed in a single direction. The maximum collective dose was determined to result from dispersion to the west, which only contains U.S. populations. The MEI dose (5.7E-4 mrem) was multiplied by a population weighted air concentration in the direction of maximum collective impact for a collective dose of 6.4E-4 person-rem. If the release were dispersed only to the maximum Canadian sector (NNW), the maximum estimated Canadian collective dose would be 2.6E-4 person-rem. Dispersal toward the large, but distant, Seattle population sector (SE) would have resulted in a collective dose about 75% less than the collective U.S. dose indicated.
Compliance Status with Subparts Q and T of 40 CFR 61
• No storage or disposal of radium-bearing materials occurs at MSL; therefore, 40 CFR 61, Subpart Q does not apply to MSL operations.
• No uranium mill tailings or ore disposal activities have been conducted at MSL; therefore, 40 CFR 61, Subpart T does not apply to MSL operations.
Other Supplemental Information
• Periodic confirmatory measurement information is not required by the Notices of Construction (NOCs).
• The PNNL Radioactive Material Tracking system is used to manage potential emissions below permit thresholds resulting in overall confirmation of inventory limits and emissions estimates to respective NOCs.
• Quality assurance program status of compliance with 40 CFR 61, Appendix B, Method 114 does not apply because no air sampling is conducted at MSL.
• There were no radon emissions in 2016.
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